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ABSTRACT
Aims. We investigate the photometric modulation induced by magnetic activity cycles and study the relationship between rotation
period and activity cycle(s) in late-type (FGKM) stars.
Methods. We analysed light curves, spanning up to nine years, of 125 nearby stars provided by the All Sky Automated Survey
(ASAS). The sample is mainly composed of low-activity, main-sequence late-A to mid-M-type stars. We performed a search for short
(days) and long-term (years) periodic variations in the photometry. We modelled the light curves with combinations of sinusoids to
measure the properties of these periodic signals. To provide a better statistical interpretation of our results, we complement our new
results with results from previous similar works.
Results. We have been able to measure long-term photometric cycles of 47 stars, out of which 39 have been derived with false alarm
probabilities (FAP) of less than 0.1 per cent. Rotational modulation was also detected and rotational periods were measured in 36 stars.
For 28 stars we have simultaneous measurements of activity cycles and rotational periods, 17 of which are M-type stars. We measured
both photometric amplitudes and periods from sinusoidal fits. The measured cycle periods range from 2 to 14 yr with photometric
amplitudes in the range of 5-20 mmag. We found that the distribution of cycle lengths for the different spectral types is similar, as
the mean cycle is 9.5 years for F-type stars, 6.7 years for G-type stars, 8.5 years for K-type stars, 6.0 years for early M-type stars,
and 7.1 years for mid-M-type stars. On the other hand, the distribution of rotation periods is completely different, trending to longer
periods for later type stars, from a mean rotation of 8.6 days for F-type stars to 85.4 days in mid-M-type stars. The amplitudes induced
by magnetic cycles and rotation show a clear correlation. A trend of photometric amplitudes with rotation period is also outlined in
the data. The amplitudes of the photometric variability induced by activity cycles of main-sequence GK stars are lower than those of
early- and mid-M dwarfs for a given activity index. Using spectroscopic data, we also provide an update in the empirical relationship
between the level of chromospheric activity as given by log10 R
′
HK and the rotation periods.
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1. Introduction
It is widely recognised that starspots in late-type dwarf stars lead
to periodic light variations associated with the rotation of the
stars Kron (1947). Starspots trace magnetic flux tube emergence
and provide valuable information on the forces acting on flux
tubes and photospheric motions, both important agents in the
dynamo theory (Parker 1955, Steenbeck et al. 1966, Bonanno
et al. 2002). Rotation plays a crucial role in the generation of
stellar activity (Skumanich 1972). This becomes evident from
the strong correlation of magnetic activity indicators with ro-
tation periods (Pallavicini et al. 1981; Walter & Bowyer 1981;
Vaughan et al. 1981; Middelkoop et al. 1981; Mekkaden 1985;
Vilhu 1984; Simon & Fekel 1987; Drake et al. 1989; Montes
et al. 2004; Dumusque et al. 2011, 2012; Suárez Mascareño et al.
2015). Stellar rotation coupled with convective motions generate
strong magnetic fields in the stellar interior and produce differ-
ent magnetic phenomena, including starspots in the photosphere.
Big spotted areas consist of groups of small spots whose lifetime
is not always easy to estimate, but the main structure can survive
for many rotations, causing the coherent brightness variations
that we can measure (Hall & Henry 1994). In solar-like main-
sequence stars the light modulations associated with rotation are
of order a few percent (Dorren and Guinan 1982, Radick et al.
1983), while in young fast rotating stars these modulations can
be significantly larger (e.g. Frasca et al. 2011). Starspot induced
light modulation was also proposed for M dwarfs decades ago
(Chugainov 1971) and more recently investigated by, for exam-
ple Irwin et al. (2011), Kiraga (2012) and West et al. (2015).
Long-term magnetic activity similar to that of the Sun is
also observed on stars with external convection envelopes (Bali-
unas & Vaughan 1985; Radick et al. 1990; Baliunas et al. 1996;
Strassmeier et al. 1997; Lovis et al. 2011; Savanov 2012; Robert-
son et al. 2013). Photometric and spectroscopic time series ob-
servations over decades have revealed stellar cycles similar to
the 11 yr sunspot cycle. In some active stars even multiple cycles
are often observed (Berdyugina & Tuominen 1998; Berdyugina
& Järvinen 2005). It is possible to distinguish between cycles
that are responsible for overall oscillation of the global level of
the activity (similar to the 11 yr solar cycle) and cycles that are
responsible for the spatial rearrangement of the active regions
(flip-flop cycles) at a given activity level, such as the 3.7 yr cy-
cle in sunspots (Berdyugina & Usoskin 2003; Moss 2004). The
correct understanding of the different types of stellar variability,
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their relationships, and their link to stellar parameters is a key as-
pect to properly understand the behaviour of the stellar dynamo
and its dependence on stellar mass. While extensive work has
been conducted in FGK stars over many decades, M dwarfs have
not received so much attention with only a few tens of long-term
activity cycles reported in the literature (Robertson et al. 2013;
Gomes da Silva et al. 2012).
Understanding the full frame of stellar variability in stars
with a low level of activity is also crucial for exoplanet surveys.
Modern spectrographs can now reach sub ms−1 precision in the
radial velocity measurements (Pepe et al. 2011) and next gener-
ation instrumentation is expected to reach a precision of a few
cms−1 (Pepe et al. 2013). At such precision level, the stellar ac-
tivity induced signals in the radial velocity curves become a very
important limiting factor in the search for Earth-like planets. Ac-
tivity induced signals in timescales of days associated with ro-
tation and in timescales of years for magnetic cycles are two
of the most prominent sources of radial velocity induced sig-
nals (Dumusque et al. 2011). Measuring and understanding this
short-term and long-term variability in different types of stars
and the associated effects in radial velocity curves, and being
able to predict the behaviour of a star, is required to disentangle
stellar induced signals from Keplerian signals.
Ground-based automatic photometric telescopes have been
running for decades, providing the photometric precision and
time coverage to explore rotation periods and activity cycles for
sufficiently bright stars with a low activity level. In this work,
using All Sky Automated Survey (ASAS) available long-term
series of photometric data, we attempt the determination of ro-
tational periods and long-term activity cycles of a sample of G
to mid-M stars, with emphasis on the less studied low activity
M dwarfs. We investigate the relationships between the level of
magnetic activity derived from Ca II H&K, and the rotation and
activity cycle periods derived from the photometric series. Sev-
eral studies have taken advantage of the excellent quality of the
Kepler space telescope light curves to determine activity cycles
and rotation period, for example Vida et al. (2014), however the
limited time span of the observations restricts these studies to
cycles of only a few years. Here we investigate the presence of
significantly longer activity cycles in our sample of stars.
2. Sample and data
Our sample consists of the stars in the study of rotational modu-
lation of the Ca II lines by Suárez Mascareño et al. (2015) sup-
plemented with a selection of nearby (suitably bright) mostly
southern stars with reliable long photometric series in the ASAS
public database. We selected the brightest examples of stars in
the ASAS database, which offered photometric data in a linear
regime. A few young very active fast rotating stars were also
included to act as anchor points in the fast-rotating end, high
activity range. In total we have analysed photometric data from
125 stars with spectral types from late F to mid-M type with a
goal to determine the photometric modulation induced by rota-
tion and long-term activity cycles. Most of the stars in the sample
are main-sequence stars.
Figure 1 shows the distribution of spectral types for the total
sample of stars originally considered. Table 1 lists relevant data
for only those stars where a reliable determination of photomet-
ric modulation was achieved (see below).
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Fig. 1: Distribution of spectral types in our sample. M dwarfs
were separated in two groups with the fully convective dwarfs
(spectral type M3.5 and later) in a separated bin. Filled bins in-
dicate stars in which we were able to retrieve long-term photo-
metric trends and cycles likely caused by stellar activity.
2.1. Photometric Data
The all sky survey ASAS (Pojmanski 1997) in the V and I bands
has been running at Las Campanas Observatory, Chile since
1998. It has a spatial scale of 14”/pixel and an average accu-
racy of ∼ 0.05 mag per exposure. Best photometric results are
achieved for stars with V ∼8-12, but this range can be extended
if some additional control on the quality of the data is imple-
mented. ASAS has produced light curves for around 107 stars
at DEC < 28◦. The catalogue supplies ready-to-use light curves
with flags indicating the quality of the data. For this analysis we
relied only on good quality data (grade "A" and "B" in the inter-
nal flags). Even after this quality control, there are still some high
dispersion measurements that cannot be explained by a "regu-
lar" stellar behaviour. There are some cases of extreme scatter in
stars closer to the magnitude limits of the survey and some stars
that show a behaviour compatible with stellar flares. As our data
is not well suited for modelling flares, to remove flare affected
points, we iteratively rejected all measurements that deviate from
the median value more than 2.5 times the rms of the full light
curve. Iteration was applied until no more measurements where
left outside these limits.
2.2. Spectroscopic Data
As proxy for the chromospheric activity level of the stars in
our sample we rely on the standard chromospheric activiy index
log10 R
′
HK (Noyes et al. 1984). This index was directly adopted
from Lovis et al. (2011) and Suárez Mascareño et al. (2015) for
the stars in common with these works. For the remaining stars
we searched for available spectra of the Ca II H& K lines in the
HARPS ESO public data archive and performed our own mea-
surement of the index. HARPS (Mayor et al. 2003) is a fibre-
fed high-resolution spectrograph installed at the 3.6 m ESO tele-
scope in La Silla Observatory (Chile). The instrument has a re-
solving power R ∼ 115000 over a spectral range from 378 to 691
nm. The HARPS pipeline provides extracted and wavelength-
calibrated spectra, as well as RV measurements. We used the ex-
tracted order-by-order wavelength-calibrated spectra produced
by the HARPS pipeline for our analysis. In order to minimise
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the effects related to atmospheric changes, we created a spec-
tral template for each star by deblazing and co-adding every
available spectrum and used the co-added spectrum to correct
the order-by-order flux ratios for the individual spectra. We cor-
rected each spectrum for the barycentric radial velocity of the
Earth and the radial velocity of the star using the measurements
given by the standard pipeline. We finally corrected each spec-
trum from the flux dispersion and re-binned the spectra into a
wavelength-constant step.
For the measurement of the log10 R
′
HK , we followed Suárez
Mascareño et al. (2015), where an extension of the index to M-
type dwarf stars, which are the majority of our present sample,
was proposed.
We have
R′HK = 1.34 · 10−4 ·Ccf(B − V) · S − Rphot(B − V). (1)
Where S is flux in the Ca II H&K lines, defined as
S = α
NH + NK
NR + NV
, (2)
where NH and NK are the fluxes in the core of the lines, NR
and NV the fluxes on the nearby continuum, and α a constant
equal to 2.3 times 8.
Then we have CCF , the bolometric correction, measured as
Ccf = (S R + S V ) · 10−4 · 1004(mv+BC), (3)
where S R and S V are the mean fluxes in the reference con-
tinuum and BC the bolometric correction. This quantity can also
be estimated as
log10 Ccf = 0.668 − 1.270(B − V) + 0.645(B − V)2
−0.443(B − V)3, (4)
and Rphot is the photospheric contribution to the mean activ-
ity level, which we estimate as
Rphot = 1.48 · 10−4 · exp[−4.3658 · (B − V)]. (5)
3. Photometric modulation analysis
We search for periodic photometric variability that is compati-
ble with both stellar rotation and long-term magnetic cycles. We
compute the power spectrum using a generalised Lomb-Scargle
periodogram (Zechmeister & Kürster 2009) and, if there is any
significant periodicity, we fit the detected period using a sinu-
soidal model with the MPFIT routine (Markwardt 2009). Then
we repeat the same process in the residuals of the fit. Typically
this allowed us to determine the periodic photometric modula-
tion induced by the magnetic cycle or the stellar rotation and, in
some situations, us to measure both. In those cases in which both
quantities have been determined, the final parameters come from
a simultaneous fit of both signals.
The significance of the periodogram peak is evaluated using
the Cumming (2004) modification over the Horne & Baliunas
(1986) formula to obtain the spectral density thresholds for a de-
sired false alarm level. Our false alarm probability then is defined
as FAP = 1 − [1 − P(z > z0)]M , where P(z > z0) is the proba-
bility of z, the target spectral density, being greater than z0, the
measured spectral density, and M is the number of independent
frequencies.
As the Nyquist frequency of our data corresponds to a pe-
riod of two days (Kiraga & Stepien 2007), we limit our high
Fig. 2: Periodograms for the light curve of the star HD2071. Top
panel: periodogram of the raw data; bottom panel: periodogram
of the residuals after fitting the long period signal.
frequency search to that number, except in a few cases where
we have hints that a faster rotation might be happening based on
previous measurements in the literature. On the low frequency
side we limit the search to a period of 10000 days, which is
almost three times longer than the maximum time span of the
observations. The determination of incomplete cycles obviously
involves large associated uncertainties.
In order to illustrate the method, we describe below the cases
of three stars with different spectral types. First, the solar twin
HD2071 for which there are 641 photometric measurements
taken over 8.4 years. Figure 2 shows the periodograms obtained
from the raw data and the residuals after removing the long-term
variations. Although there is evidence for a long-term cycle, the
data do not cover this cycle completely, thus the uncertainty in
the determination of the period of the cycle is large. Figures 3
and 4 show the phase fit for both signals. The best-fitting model
includes a long-term cycle of 11.3 ± 3.6 years combined with
a rotation period of 29.6 ± 0.1 days, with semi-amplitudes of
4.9± 1.3 mmag and 3.1± 0.9 mmag, respectively. The measured
activity cycle of ∼ 11 years and the rotational period are similar
to the corresponding cycle and rotation of the Sun.
For the K-type star HD224789 there are 489 measurements
obtained along 9.0 years. In Figure 5 we plot the correspond-
ing periodograms. We find three significant peaks. The shortest
period corresponds to the stellar rotation, the longest period is
likely induced by the long-term activity cycle, and the middle
period is likely an alias of the long-term cycle. This becomes
clear when we fit the longest period signal to the light curve
and subtract it; the intermediate period signal disappears while
the shortest period remains stable. Figures 6 and 7 show the
phase fit for the two bona fide signals. The best model includes
a long-term cycle of 7.4 ± 0.8 years combined with a rotation
period of 16.6 ± 0.1 days, with photometric semi-amplitudes of
6.7 ± 1.3 mmag and 6.8 ± 1.2 mmag, respectively.
In Fig. 8 and Figs. 9 and 10 we show the analysis of the
M-type star GJ551 (Proxima Centauri). For this star there are
available 991 measurements spanning 8.7 years. We interpret the
two obvious peaks of the periodogram as induced by the rotation
and activity cycle, respectively. Even if the short period signal is
more significant than the long period signal, we opted to fit the
long period signal in the first place. The best results comes from
a long-term cycle of 6.8±0.2 years combined with a rotation pe-
riod of 83.2±0.1 days, with semi-amplitudes of 15.5±0.9 mmag
and 16.5 ± 0.9 mmag, respectively.
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Table 1: Relevant data for stars in our sample with periodic photometric modulation
Star Sp. Type log10 R
′
HK mB mV < mVAS AS > Nmeas Time Span Ref
(Years)
HD1388 G0 –4.89 ± 0.01 7.09 6.50 6.50 335 7.4 1, 5,
HD10180 G1 –5.00 ± 0.03 7.95 7.32 7.32 524 8.8 2, 5
HD21019 G2 –5.12 ± 0.02 6.90 6.20 6.20 331 8.1 2, 4
HD2071 G2 –4.89 ± 0.03 7.95 7.27 7.27 641 8.4 1, 6
HD1320 G2 –4.79 ± 0.03 8.63 7.98 7.95 614 9.0 1,3
HD63765 G9 –4.77 ± 0.04 8.85 8.10 8.09 588 9.0 1, 5
HD82558 K0 –4.01 ± 0.05 8.76 7.89 7.87 481 9.0 0, 7, 11
HD155885 K1 –4.55 ± 0.02 5.96 5.08 4.96 562 8.6 3, 10
HD224789 K1 –4.55 ± 0.03 9.12 8.24 8.23 489 9.0 1, 5
V660 Tau K2 13.66 12.60 12.63 275 7.0 18
HD176986 K2.5 –4.90 ± 0.04 9.39 8.45 8.46 405 8.7 1, 5
HD32147 K3 –4.92 ± 0.04 7.27 6.21 6.19 459 8.7 0, 9
HD45088 K3 –4.48 ± 0.17 7.74 6.77 6.78 437 6.9 0, 7
HD104067 K3 –4.77 ± 0.04 8.90 7.92 7.91 795 9.0 1, 7
HD215152 K3 –4.92 ± 0.06 9.13 8.13 8.09 327 9.0 1, 5
V410 Tau K3 12.13 10.75 10.85 56 1.1 5
HD131977 K4 –4.33 ± 0.13 6.83 5.72 5.66 228 8.3 0 9
HD125595 K4 –4.82 ± 0.07 10.13 9.03 8.99 703 8.7 1, 6
HD118100 K5 10.55 9.37 9.37 476 8.6 7
GJ9482 K7 –4.74 ± 0.05 11.80 10.38 10.38 524 8.8 0, 7
HD113538 K9 –4.82 ± 0.07 10.43 9.06 9.05 994 8.8 0, 7
GJ846 M0 –4.84 ± 0.04 10.62 9.15 9.15 312 9.0 1, 7
GJ676A M0 –4.96 ± 0.04 11.03 9.59 9.60 789 8.7 1, 7
GJ229 M1 –4.91 ± 0.04 9.61 8.13 8.15 708 9.0 0, 7
HD197481 M1 –4.05 ± 0.04 10.05 8.63 8.63 455 8.9 0, 4, 11
GJ514 M1 –5.10 ± 0.06 10.52 9.03 9.04 341 8.0 1,7
GJ239 M1 11.10 9.59 9.60 528 7.0 7
GJ205 M1.5 –4.96 ± 0.06 9.44 7.97 7.95 620 9.0 1, 7
GJ832 M1.5 –5.21 ± 0.07 10.18 8.67 8.67 482 8.9 1, 7
GJ536 M1.5 –5.22 ± 0.07 11.18 9.71 9.71 345 3.6 1, 7
GJ382 M2 –4.80 ± 0.06 10.76 9.26 9.25 494 9.0 1, 7
GJ588 M2.5 –5.34 ± 0.10 10.81 9.31 9.33 503 8.7 1, 7
GJ176 M2.5 –4.99 ± 0.07 11.49 9.95 10.01 413 7.0 1, 7
GJ752A M3 –5.16 ± 0.07 10.63 9.12 9.14 389 8.1 1, 7
GJ674 M3 –5.07 ± 0.08 10.97 9.41 9.39 537 8.7 1, 7
GJ680 M3 11.67 10.13 10.13 834 8.7 7
GJ408 M3 11.58 10.02 10.03 273 6.5 7
GJ877 M3 –5.33 ± 0.15 11.87 10.38 10.39 1049 9.0 0 ,7
GJ479 M3 –4.88 ±0.05 12.20 10.66 10.67 534 8.7 0, 7
GJ358 M3 –4.69 ± 0.10 12.21 10.69 10.72 994 9.0 1, 7
GJ273 M3.5 –5.52 ± 0.07 11.44 9.87 9.98 366 8.0 1, 7
GJ849 M3.5 –5.14 ± 0.04 11.87 10.37 10.36 424 8.9 1, 7
GJ729 M3.5 12.24 10.50 10.54 620 8.6 7
GJ896A M3.5 12.27 10.35 10.07 257 6.9 13, 14
GJ317 M3.5 –4.57 ± 0.11 13.2 11.98 12.07 561 9.0 0, 4, 16
GJ526 M4 –5.31 ± 0.07 9.92 8.43 8.45 281 6.5 1, 7
GJ628 M4 –5.47 ± 0.11 11.64 10.07 10.12 498 8.7 0, 17
GJ234 M4+M5.5 –4.60 ± 0.24 12.76 11.07 11.08 450 8.7 0, 7
GJ54.1 M4 13.89 12.07 12.09 435 9.0 7
LP 816-60 M4 13.03 11.46 11.44 413 8.5 7
GJ285 M4.5 –4.09 ± 0.06 12.83 11.23 11.24 530 8.7 0, 7
GJ447 M4.5 –5.73 ± 0.07 12.91 11.15 11.12 364 8.7 0, 17
GJ581 M5 –5.79 ± 0.03 12.17 10.57 10.57 687 8.7 1, 7
GJ551 M5.5 –5.65 ± 0.17 12.97 11.10 11.23 991 8.7 1, 8
GJ406 M6 15.54 13.51 13.51 331 8.0 17
References for log10 R
′
HK : 0) This work, 1) Suárez Mascareño et al. (2015), 2) Lovis et al. (2011), 3) Baliunas et al. (1995)
References for magnitudes: 4) Mermilliod (1986), 5) Høg et al. (2000), 6 ) Cousins & Stoy (1962), 7) Koen et al. (2010), 8) Jao
et al. (2014), 9) Ducati (2002), 10) Torres et al. (2006), 11) Kiraga (2012), 12) Garcés et al. (2011), 13) Fabricius et al. (2002), 14)
Jenkins et al. (2009), 15) Landolt (2009), 16) van Altena et al. (1995), 17) Landolt (1992), 18) Stauffer (1984)
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Fig. 3: Phase fit for the long-term photometric cycle of HD2071.
For a period of 11.2 ± 3.6 years with a semi-amplitude of 4.9 ±
1.3 mmag. Grey dots show individual measurements, while red
dots show the average measurement of every phase bin.
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Fig. 4: Phase fit for the the rotational modulation of HD2071.
The measured period is 29.6±0.1 days with a semi-amplitude of
3.1 ± 0.9 mmag. Grey dots show individual measurements, and
red dots show the average measurement of every phase bin.
Fig. 5: Periodograms for the HD224789 light curve. Top panel
shows the periodogram of the raw data; bottom pannel indicates
the periodogram of the residuals after fitting the long period sig-
nal.
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Fig. 6: Phase fit for the long-term photometric cycle of
HD224789. For a period of 7.1±0.9 years with a semi-amplitude
of 6.7 ± 1.3 mmag. Grey dots show individual measurements,
while red ones the average measurement of every phase bin.
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Fig. 7: Phase fit for the the rotational modulation of HD224789.
Measured period is 16.6 ± 0.1 days with a semi-amplitude of
6.8±1.2 mmag. Grey dots show individual measurements, while
red ones the average measurement of every phase bin.
Fig. 8: Periodograms for the GJ551 light curve. Top panel shows
the periodogram of the raw data; bottom panel shows the peri-
odogram of the residuals after fitting the long period signal.
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Fig. 9: Phase fit for the long-term photometric cycle of GJ551.
For a period of 6.8±0.3 years with a semi-amplitude of 15.5±0.9
mmag. Grey dots show individual measurements, while red dots
indicate the average measurement of every phase bin.
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Fig. 10: Phase fit for the rotational modulation of GJ551. Mea-
sured period is 83.2 ± 0.1 days with a semi-amplitude of 16.5 ±
0.9 mmag. Grey dots show individual measurements, while red
dots indicate the average measurement of every phase bin.
Using this procedure we were able to determine long-term
magnetic cycles and/or average rotation periods for 55 stars in
the sample. Table 2 provides the measured cycle and rotation
photometric semi-amplitudes and their corresponding periods
and false alarm probabilities. The study of variations of the rota-
tional periods across the cycles associated with differential rota-
tion and the changes in the latitude of spots is out of the scope of
the present paper and will be addressed in a future work. The re-
ported rotation periods should be considered average values over
the reported cycles.
Figure 11 shows the comparison between our measured rota-
tion periods with those previously reported in the literature. We
opt to include only those directly measured using periodic pho-
tometric or spectroscopic variations and do not consider those
estimated from activity-rotation relationships. The plot shows
good agreement between the different measurements except in
the case of one star, GJ 877, where Suárez Mascareño et al.
(2015) found roughly twice the rotation period using the vari-
0.1 1.0 10.0 100.0
PLit (d)
0.1
1.0
10.0
100.0
P P
h o
t 
( d )
G Stars
K Stars
Early M Stars
Mid M Stars
Fig. 11: Comparison between our measured photometric periods
and those reported in the literature from photometric or spec-
troscopic time series. Filled dots indicate measurements from
Suárez Mascareño et al. (2015), while red empty dots are data
taken from Chugainov (1974), Strassmeier et al. (1993), Kiraga
& Stepien (2007), Strassmeier (2009), and Wright et al. (2011).
The grey dashed line shows the 1:1 relation.
ability of the Ca II index. Further study on this star is needed to
clarify the correct measurement of the rotation period. It is im-
portant to note that the longer a rotation period the harder it is to
determine and the larger the associated uncertainties.
For the remaining 70 stars it was not possible to achieve a de-
termination of rotation periods or activity cycles. In spite of the
quality control on the data, some of these stars were so bright that
their measurements where frequently in the non-linear regime
and thus provided unreliable light curves. In some other stars,
the amplitude of the induced photometric variability is below
our detection limit or is non-periodic.
3.1. Long-term linear trends
Four of our stars, i.e. HD82558, HD45088, HD215152 and
GJ358, showed clear long-term linear trends over the time span
of our observations. In the case of HD45088 and HD215152,
these trends implied the presence of cycles much longer than the
time span of the observations. For HD82558 and GJ358, we also
identify long-term trends on top of the ∼ 2.5 yr and ∼ 5 yr cy-
cles that we found for each of these stars. Rotation periods are
reported for the four stars.
Some of the measured cycles are longer than the time span
of the observations (HD1388, GJ9482, GJ205, GJ832, GJ382,
GJ674, GJ849, and GJ285). While in those cases we have not
measured a full cycle yet, we have enough data to give an esti-
mation of the cycle length instead of treating it as a trend.
3.2. Amplitude modulation
Magnetic cycles do not only manifest themselves as changes in
the brightness of the stars, but some times in variations of the
amplitude of the light curve (Berdyugina & Järvinen 2005). To
study this behaviour we regroup the light curve in 30 day bins
and use the peak-to-peak magnitude of each bin as a measure-
ment of the amplitude. We then analyse the resulting amplitude
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Table 2: Long-term cycles and rotation periods for the stars in our sample
Star Pcycle Acycle FAP Prot Arot FAP Prot Lit Ref.
(years) (mmag) (%) (d) (mmag) (%) (d)
HD1388 13.4 ± 6.0 8.1 ± 2.2 < 0.1 19.9 ± 1.4 1
19.7 ± 2.8 4
HD10180 4.1 ± 0.4 3.3 ± 0.9 1.7 29.5 ± 0.1 3.3 ± 0.9 3.7 24.1 ± 3.0 4
HD21019 29.5 ± 0.1 5.9 ± 1.3 0.7 38.4 ± 3.5 4
HD2071 11.2 ± 3.6 4.9 ± 1.3 < 0.1 29.6 ± 0.1 3.1 ± 0.9 < 0.1 22.8 ± 0.7 1
HD1320 3.3 ± 0.2 2.6 ± 0.8 2.1 29.6 ± 0.1 2.5 ± 0.8 2.7 28.4 ± 8.7 1
HD63765 12.9 ± 4.9 3.9 ± 0.9 < 0.1 29.5 ± 0.1 2.7 ± 1.0 0.2 26.7 ± 6.7 1
HD82558* 2.5 ± 0.1 13.6 ± 1.1 0.3 1.6 ± 0.1 28.7 ± 0.9 < 0.1 1.60 ± 0.0 6
HD155885 6.2 ± 0.1 36.9 ± 1.0 < 0.1 21.1± 2.1a 7
HD224789 7.1 ± 0.9 6.7 ± 1.3 < 0.1 16.6 ± 0.1 6.8 ± 1.2 < 0.1 16.9 ± 1.8 1
11.8 ± 4.7 4
V660 Tau 7.1 ± 0.2 31.7 ± 1.5 < 0.1 0.2 ± 0.0 35.9 ± 1.5 < 0.1 0.23 ± 0.02a 8
HD176986 7.3 ± 0.7 4.8 ± 1.2 < 0.1 33.4 ± 0.2 1
39.0 ± 5.3 4
HD32147 5.8 ± 0.5 7.5 ± 1.3 < 0.1 47.4 ± 4.7a 10
HD45088* 7.0 ± 0.1 14.2 ± 1.2 < 0.1 7.4 ± 0.7a 9
HD104067 7.7 ± 1.3 4.1 ± 0.7 < 0.1 27.4 ± 0.1 2.8 ± 0.7 5.0 29.8 ± 3.1 1
HD215152* 29.8 ± 0.1 2.4 ± 1.1 3.0 36.5 ± 1.6 1
41.8 ± 5.6 4
V410 Tau 1.9 ± 0.1 253.2 ± 2.7 < 0.1 1.9 ± 0.2a 12
HD131977 5.1 ± 0.2 34.5 ± 1.8 < 0.1
HD125595 5.9 ± 0.6 4.1 ± 0.9 < 0.1 29.4 ± 0.1 2.9 ± 0.9 10.3 37.2 ± 2.0 1
HD118100 9.3 ± 0.4 17.3 ± 1.1 < 0.1 3.9 ± 0.1 30.4 ± 0.9 < 0.1
GJ9482 10.1 ± 1.4 6.9 ± 0.9 < 0.1
HD113538 6.6 ± 0.6 4.9 ± 0.9 < 0.1 43.9 ± 0.2 4.6 ± 0.8 2.5
GJ846 8.5 ± 1.1 7.3 ± 1.2 < 0.1 31.0 ± 0.1 1
GJ676A 7.5 ± 0.6 8.2 ± 1.0 < 0.1 41.2 ± 3.8 1
GJ229 8.4 ± 0.3 12.8 ± 0.9 < 0.1 27.3 ± 0.1 2.9 ± 0.9 11.4
HD197481 7.6 ± 0.4 14.4 ± 1.7 < 0.1 4.9 ± 0.1 18.6 ± 1.1 < 0.1
GJ514 9.9 ± 3.8 5.8 ± 1.4 < 0.1 28.0 ± 2.9 1
GJ239 4.9 ± 0.4 5.2 ± 1.0 < 0.1
GJ205 10.8 ± 1.1 9.3 ± 0.8 < 0.1 33.4 ± 0.1 4.8 ± 0.8 < 0.1 35.0 ± 0.1 1
3.9 ± 0.3 6.9 ± 1.4 < 0.1
GJ832 13.2 ± 4.2 6.8 ± 1.5 < 0.1 45.7 ± 9.3 1
GJ536 43.3 ± 0.1 4.8 ± 1.1 < 0.1 43.8 ± 0.1 1
GJ382 13.6 ± 1.7 15.1 ± 1.0 < 0.1 21.2 ± 0.1 5.7 ± 0.9 < 0.1 21.7 ± 0.1 1
21.6 ± 2.2a 2
GJ588 5.2 ± 0.7 3.1 ± 1.2 0.5 43.1 ± 0.2 2.7 ± 1.1 2.3 61.3 ± 6.5 1
GJ176 5.9 ± 0.7 6.5 ± 1.6 1.5 40.8 ± 0.1 7.0 ± 1.3 < 0.1 39.3 ± 0.1 1
38.9 ± 3.9a 2
GJ752A 9.3 ± 1.9 7.7 ± 3.2 < 0.1 46.0 ± 0.2 4.5 ± 1.1 < 0.1 46.5 ± 0.3 1
GJ674 10.1 ± 0.8 17.7 ± 1.2 < 0.1 35.0 ± 0.1 5.5 ± 1.1 < 0.1 32.9 ± 0.1 1
33.3 ± 3.3a 2
GJ680 5.0 ± 0.2 8.4 ± 0.9 < 0.1
GJ408 5.3 ± 0.6 6.4 ± 1.5 2
GJ877 52.8 ± 0.1 7.8 ± 0.7 < 0.1 116.1 ± 0.7 1
GJ479 2.0 ± 0.1 5.7 ± 1.1 < 0.1 22.5 ± 0.1 4.9 ± 1.1 1.2
GJ358* 4.9 ± 0.1 20.5 ± 0.9 < 0.1 25.2 ± 0.1 12.1 ± 0.7 < 0.1 16.8 ± 1.6 1
25.0 ± 2.5a 2
GJ273 6.6 ± 1.3 7.7 ± 1.5 < 0.1 115.9 ± 19.4 1
GJ849 10.2 ± 0.9 12.4 ± 1.0 < 0.1 39.2 ± 6.3 1
GJ729 7.1 ± 0.1 5.3 ± 0.7 < 0.1 2.9 ± 0.1 8.8 ± 0.9 < 0.1 2.87 2
2.1 ± 0.1 7.9 ± 0.5 < 0.1
GJ896A 15.3 ± 0.1 25.2 ± 1.3 < 0.1
GJ317 5.2 ± 0.3 12.4 ± 1.1 < 0.1
GJ526 9.9 ± 2.8 6.9 ± 1.0 < 0.1 52.3 ± 1.7 1
GJ234 5.9 ± 0.5 10.1 ± 1.4 < 0.1 8.1 ± 0.1 7.7 ± 1.3 0.3
GJ54.1 69.2 ± 0.1 15.6 ± 1.1 < 0.1
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Table 2: Long-term cycles and rotation periods for the analysed stars
Star Pcycle Acycle FAP Prot Arot FAP Prot Lit Ref.
(years) (mmag) (%) (d) (mmag) (%) (d)
GJ628 4.4 ± 0.2 8.3 ± 1.1 < 0.1 119.3 ± 0.5 5.9 ± 1.0 < 0.1
LP 816-60 10.6 ± 1.7 8.2 ± 1.2 3.0 67.6 ± 0.1 10.7 ± 1.1 < 0.1
GJ285 10.6 ± 0.4 37.2 ± 1.1 < 0.1 2.8 ± 0.1 23.2 ± 1.0 < 0.1 2.8 ± 0.30.3 11
GJ447 4.1 ± 0.3 7.1 ± 1.1 1.7 165.1 ± 0.8 7.8 ± 1.1 0.2
GJ581 6.2 ± 0.9 3.8 ± 0.9 < 0.1 132.5 ± 6.3 1
130.0 ± 2.0 3
GJ551 6.8 ± 0.3 15.5 ± 0.9 < 0.1 83.2 ± 0.1 16.5 ± 0.9 < 0.1 116.6 ± 0.7 1
82.5 ± 8.3a 2
GJ406 8.9 ± 0.2 64.8 ± 1.2 < 0.1
* Long-term linear trend.
a No uncertainty provided. 10 per cent of the measured period adopted as standard uncertainty.
References for rotation periods in the literature: 1) Suárez Mascareño et al. (2015) using periodic variations of CaII H&K and Hα
emission lines. 2) Kiraga & Stepien (2007) using periodic variations in the photometry of the ASAS survey. 3) Robertson et al.
(2014) using periodic variations of Hα emission line. 4) Lovis et al. (2011) using Mamajek & Hillenbrand (2008) age-activity-
rotation relationship. 5) Olmedo et al. (2013) using their own activity-rotation relationship based on the MgII H&K emission
lines. 6) Jetsu (1993) using periodic variations in photometry. 7) Donahue et al. (1996) using periodic variations in photometry. 8)
Wright et al. (2011) using periodic variations in photometry. 9) Strassmeier et al. (1993) using periodic variations in photometry.
10) Saar & Osten (1997) estimated from CaII H&K measurements. 11) Chugainov (1974) using periodic variations in brightness.
12) Strassmeier (2009) using periodic variations in photometry.
curves for all the stars of our sample in the same way as the
previous light curves searching for periodicities.
We find that the stars HD32147 and HD113538 show clear
modulations, with false alarm probabilities smaller than 0.1%
and periods of 10.17 ± 2.28 yr and 8.74 ± 1.24 yr respectively.
The following stars show less significant modulations: GJ588
shows a periodicity of 1.76 ± 0.09 yr with a FAP of 2.9%; GJ273
shows a periodicity of 8.67 ± 2.41 yr with a FAP of 10.6%;
HD197481 shows a periodicity of 2.77 ± 0.06 yr with a FAP
of 16.5%, and GJ382 shows a periodicity of 7.77 ± 1.06 yr with
a FAP of 39%. There is also one short period modulation. For
the star GJ9482, we find an amplitude periodicity of 133.55 ±
0.75 days with a FAP of 2.5%. The origin of this periodicity is
hard to assess. It seems to be too long to be the rotation of the
star and too short to be a magnetic cycle.
3.3. Notes on individual stars
HD10180: Lovis et al. (2011) provides a cycle measurement of
7.4 ± 1.2 yr by studying the variations in the Ca II H&K emis-
sion cores. Instead of that we find a 4.1 ± 0.4 yr variation. Using
the HARPS-S data, we verified that we detect a ∼ 3.2 yr cycle
on top of a ∼ 14 yr variation in the Ca II H&K emission time
series. We cannot rule out that we detect a harmonic of the real
cycle.
HD155885: Hempelmann et al. (1995) and Saar & Brandenburg
(1999) proposed cycles ranging from 5 to 6 yr, with large associ-
ated uncertainty. Our measurement of a 6.2 ± 0.1 yr photometric
periodicity supports their previous claims.
HD63765: While we retrieve a 12.9 ± 4.9 yr cycle in the photo-
metric light curve, Lovis et al. (2011) found a periodicity of 6.1
± 2.8 yr in the Ca II H&K emission time series. We did not find
a 6 yr periodicity, but this measure is compatible with the first
harmonic of our measurement.
HD32147: Baliunas et al. (1995) found a 11.1 ± 0.2 yr cycle
studying the Ca II H&K emission time series. Our 5.8 ± 0.5 yr
measurement is compatible with the first harmonic of that cycle.
HD82558: Previous studies have reported different cycle lengths
for this star, ranging from ∼ 2.5 up to ∼ 12 yr (Oláh et al. 2009).
In our data we recover the ∼ 2.5 yr cycle, which might be a flip-
flop cycle, and is also evidence for an additional long-term trend.
GJ205: Savanov (2012) finds a 3.7 yr period cycle and some of
shorter periods. Our best fit comes from the superposition of two
cycles, one of 10.8 ± 1.1 yr and another one of 3.9 ± 0.3 yr cycle.
The short period cycle might be a flip-flop cycle.
GJ729: For this star we find two superimposed cycles. One of
7.1 ± 0.1 yr and a shorter cycle of 2.1 ± 0.1 yr. Again the short
period cycle might be a flip-flop cycle.
GJ234: This is close binary system composed of two low mass
stars with a brightness difference of ∆mK ∼ 1.6 and a separa-
tion of ∼ 1 arcsec (Ward-Duong et al. 2015). Although the pho-
tometric light curve is for the unresolved binary, the signal is
likely dominated by the primary component given its dominance
in the visible range. We ascribe the periodic signals detected in
the light curve to the primary.
GJ581: Robertson et al. (2013) detects a 4.5 ± 0.3 years cycle
analysing the Hα time series whereas we detect a 6.2 ± 0.9 years
cycle in the photometry light curve.
GJ551:Cincunegui et al. (2007) claimed a 1.2 yr cycle for which
we find no evidence in the photometric light curve. Instead we
measure a clear 6.8 ± 0.3 yr cycle. Savanov (2012) found a 7.9
yr cycle.
4. Discussion
The previous analysis of variability in photometric time series
provided a collection of magnetic cycles, rotation periods, and
chromospheric activity level for 55 stars, out of which 34 are
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Table 3: Statistics of the length of known cycles
Sp. Type N Mean length Median length σ
(yr) (yr) (yr)
F 10 9.5 7.4 5.3
G 55 6.7 6.0 3.6
K 51 8.5 7.6 3.6
Early M 47 6.0 5.2 2.9
Mid M 10 7.1 6.8 2.7
low activity M-type stars, for which only a few tens of magnetic
cycles are reported in the literature.
We measured the magnetic cycles for 5 G-type stars for
which we found a mean cycle length of 9.0 yr with a dispersion
of 4.9 yr. We found a mean cycle length of 6.7 yr with a disper-
sion of 2 years for 12 K-type stars. We measured a mean cycle
length of 7.4 yr with a dispersion of 3.0 yr for 22 early M-type
stars, and we found a mean cycle length of 7.56 yr with a disper-
sion of 2.6 yr for 9 mid M-type stars. We note that we might be
mixing some flip-flop cycles along with the global cycles, but in
most cases we do not find multiple cycles making it difficult to
distinguish between the two types. Subsequently, we measured
the rotation periods for 9 G-type stars with a mean rotation pe-
riod of 27.9 days and a dispersion of 3.9 days. For 13 K-type
stars we measured a typical rotation of 20.3 with a dispersion of
16.4 days. For 20 early M-type stars, we measured an average
rotation period of 35.7 days with a dispersion of 23.2 days, and
an average rotation period of 78.1 days with a dispersion of 54.8
days for 9 mid M-type stars.
In order to put these results on a broader context we include
in the discussion and plots other FGKM stars with known cycles
and rotation periods selected from Noyes et al. (1984), Baliunas
et al. (1995), Lovis et al. (2011), Robertson et al. (2013), and
Suárez Mascareño et al. (2015). In total we deal with more than
150 stars with similar number of G-, K-, and M-type and far
fewer F-type stars to study the distribution of cycle lengths and
rotation periods for the different spectral types and the activity-
rotation relationships.
4.1. Cycle length distribution
Figure 12 shows the distribution histogram of cycles by length
and spectral type. We find that, like G-type stars, early M-type
stars peak at the 2-4 year bins, but K-type stars peak at the 6
year bin. The double peak seen in the distribution might reveal
information about peak in global cycles (10 yr) and in flip-flop
cycles (6 yr). There are not enough detections to see any partic-
ular behaviour for F-type and mid M-type stars. Table 3 shows
the main statistics of the typical cycle for each spectral type.
4.2. Rotation period distribution
Figure 13 shows the distribution of rotation periods and Table 4
lists the typical periods and measured scatter. When looking at
the rotation periods we find an upper limit of the distribution
growing steadily towards larger periods for later spectral types,
and saturating at ∼ 50 days for almost all spectral types (see
Fig. 13). M-type stars, especially mid-Ms, show larger scatter
going over that saturation limit and reaching periods longer than
150 days.
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Fig. 12: Distribution of cycle lengths. Grey filled columns show
the global distribution while coloured lines the individual distri-
butions.
Table 4: Statistics of rotation periods
Sp. Type N Mean Period Median Period σ Period
(d) (d) (d)
F 25 8.6 7.0 6.2
G 44 19.6 18.4 11.1
K 53 27.4 29.3 15.7
Early M 43 36.2 33.4 29.9
Mid M 11 85.4 86.2 53.4
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Fig. 13: Rotation periods vs. B-V colour of stars analysed in this
work (filled symbols) and stars from the literature (open sym-
bols).
Many of the M-type stars are extreme slow rotators and that
get reflected in their extremely low chromospheric activity lev-
els. Figure 14 shows the distribution of the log10 R
′
HK against the
colour B-V. For solar-type stars the lower envelope of the distri-
bution goes around ∼ −5.2, but M dwarfs reach level of almost
∼ −6.
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Fig. 14: Chromospheric activity level log10 R
′
HK against the
colour B-V of the stars. Filled symbols show the stars analysed
in this work.
4.3. Activity-rotation relation
Suárez Mascareño et al. (2015) proposed a rotation-activity
relation for late-F- to mid-M-type main-sequence stars with
log10 R
′
HK ∼ −4.50 up to ∼ −5.85. The new measurements pre-
sented in Tables 1 and 2, and the data from Noyes et al. (1984),
Baliunas et al. (1995), and Lovis et al. (2011) serve to extend
and better define the relationship. Figure 15 shows the new mea-
surements along with those the literature. These measurements
are compatible for almost all spectral types and levels of chro-
mospheric activity, as F-type stars are the only clear outlay-
ers. This speaks of a relation that is more complex than what
was proposed. Combining all data we can extend the relation-
ship to faster rotators with levels of chromospheric activity up to
log10 R
′
HK ∼ −4 and we are able to give an independent relation-
ship for each spectral type. Figure 16 shows the measurements
for every individual spectral type.
Assuming a relationship such as
log10(Prot) = A + B · log10 R′HK , (6)
where Prot is in days and the typical residuals of the fit is
smaller than 23 per cent of the measured periods for a given
level of activity, for stars from G to mid M, and with residuals
smaller than 39 per cent in the case of F-type stars. Table 5 shows
the coefficients of the best fit for every individual dataset. This
relationship provides an estimate of the rotation period of stars
with low levels of chromospheric activity.
The original rotation-activity relationship, which was pro-
posed by Noyes et al. (1984) and updated by Mamajek & Hil-
lenbrand (2008), used as their observable the Rossby number
– Ro = PRot/τc, i.e. the rotation period divided by the con-
vective turnover, instead of the rotation period. The use of the
convective turnover here raises some problems. The convective
turnover can be determined from theoretical models (e.g. Gilman
(1980), Gilliland (1985), Rucinski & Vandenberg (1986) or Kim
& Demarque (1996)) or empirically (Noyes et al. (1984), Stepien
(1994), or Pizzolato et al. (2003)). While the values of τc are
consistent for G-K stars, they diverge badly for M dwarfs. The-
oretical models indicate a steep increase of τc with decreasing
mass, while purely empirical models indicate that τc increases
with decreasing mass down to 0.8 M, but then levels off (Ki-
raga & Stepien 2007). The behaviour of τc beyond 0.6 M is
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Fig. 16: Rotation period vs. chromospheric activity level
log10 R
′
HK for each spectral type. Filled symbols show the stars
analysed in this work. The dashed line shows the best fit to the
data for each individual dataset.
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Table 5: Parameters for Eq. 6
Dataset N A B σ Period
(%)
G-K-M (log10 R
′
HK > −4.5) 37 –10.118 ± 0.027 –4.500 ± 0.006 23
G-K-M (log10 R
′
HK ≤ −4.5) 94 –2.425 ± 0.001 –0.791 ± 0.001 19
F 25 -3.609 ± 0.015 –0.946 ± 0.003 39
G (log10 R
′
HK > −4.6) 17 –11.738 ± 0.052 –2.841 ± 0.011 17
G (log10 R
′
HK ≤ −4.6) 27 0.138 ± 0.006 –0.261 ± 0.002 20
K (log10 R
′
HK > −4.6) 18 –7.081 ± 0.030 –1.838 ± 0.007 8
K (log10 R
′
HK ≤ −4.6) 32 –1.962 ± 0.005 –0.722 ± 0.002 16
M 38 –2.490 ± 0.002 –0.804 ± 0.001 18
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Fig. 15: Rotation period vs. chromospheric activity level log10 R
′
HK . Filled symbols show the stars analysed in this work. The dashed
line shows the best fit to the data, leaving out the F-type stars.
uncertain. For the measurement of τc we adopt the definition of
Rucinski & Vandenberg (1986) because this definition produces
the tightest correlation, i.e.
log(τc) = 1.178 − 1.163x + 0.279x2 − 6.14x3 (x > 0) (7)
log(τc) = 1.178 − 0.941x + 0.460x2 (x < 0), (8)
where x = 0.65 − (B − V). Figure 17 shows the distribution
of the calculated Rossby numbers against the log10 R
′
HK . When
presenting our results this way we find that, for solar-type stars,
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Fig. 17: Rossby number vs. chromospheric activity level
log10 R
′
HK for each spectral type. Filled symbols show the stars
analysed in this work. The dashed line shows the best fit to the
data.
the distribution is very similar inside the limits studied in Ma-
majek & Hillenbrand (2008), but moving towards lower levels
of activity increases the scatter. On the other hand, F-type and
M-type stars do not follow the same exact relationship, hinting
that the mechanism might be more complex than originally as-
sumed or that the estimation of the convective turnover could be
less reliable the further we get from the Sun, which was already
stated by Noyes et al. (1984) for stars with B − V > 1. Unfortu-
nately there is no reliable calibration for the convective turnover
in the case of M-dwarf stars. Even with the bigger scatter the
global behaviour of the data remains similar with a change of
slope when reaching the very active regime (log10 R
′
HK ∼ −4.4).
Analogous to what we did in Eq. 6, we find that the distribu-
tion can be described as
Ro = A + B · log10 R′HK , (9)
where the typical scatter of the residuals is ∼ 28 per cent of
the measured Ro for the very active region and ∼ 19 per cent for
the moderately active region. Table 6 shows the parameters of
equation 9.
4.4. Activity versus photometric cycle amplitude
A relation between the cycle amplitude inCaIIHK flux variations
and the mean activity level of the stars was proposed by Saar &
Brandenburg (2002). It was found that stars with a higher mean
activity level show also larger cycle amplitudes. We investigate
the behaviour of the photometric amplitude of the cycle with the
mean activity level as well as with the Rossby number.
Comparing the cycle amplitude with the log10 R
′
HK we are
able to see a weak tendency. Even if there is a large scatter, a
trend such that the photometric amplitude of the cycle increases
towards higher activity stars is found (see Figure 18). This agrees
with the Saar & Brandenburg (2002) work.
When comparing the cycle amplitude with the rotation pe-
riod we found a more clear correlation. While the scatter is large,
is clear that the amplitude decreases longer periods (see Fig-
ure 19). This is different to what Saar & Brandenburg (2002)
found when studying theCaII variations, where cycle amplitude
saturation may be happening.
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Fig. 18: Measured cycle photometric amplitude vs. chromo-
spheric activity level log10 R
′
HK .
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Fig. 19: Measured cycle photometric amplitude versus the rota-
tion period.
4.5. Rotation-cycle relation
The existence of a relationship between the length of the mag-
netic cycle and rotation period has been studied for a long time.
Baliunas et al. (1996) suggested Pcyc/Prot as an observable to
study how both quantities relate to each other. It was suggested
that the length of the cycle scales as ∼ Dl, where l is the slope
of the relation and D is the dynamo number. Slopes that are dif-
ferent from ∼ 1 would imply a correlation between the length of
the cycle and rotation period.
Figure 20 shows results on a log-log scale of Pcyc/Prot ver-
sus 1/Prot for all the stars for which we were able to determine
both the rotation period and length of the cycle. The slope for our
results is 1.01±0.06, meaning no correlation between both quan-
tities. However, we cover from early-G to late-M stars, including
main-sequence and pre-main-sequence stars, with rotation peri-
ods ranging from ∼ 0.2 to more than ∼ 160 days. Previous works
that found correlations were based on more homogeneous, and
thus suitable samples, to study this relationship. For stars with
multiple cycles we choose the global cycle (longer cycle), but
the possibility of some of the short period cycles being flip-flop
cycles cannot be ruled out.
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Table 6: Parameters for Eq. 9
Dataset N A B σ Ro
(%)
log10 R
′
HK > −4.4 7 –3.533 ± 0.796 –0.912 ± 0.195 28
log10 R
′
HK ≤ −4.4 150 –10.431 ± 0.078 –2.518 ± 0.016 19
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Fig. 20: Pcyc/Prot versus 1/Prot in log-log scale. Filled dots rep-
resent main-sequence stars while empty circles stand for pre-
main-sequence stars. The dashed line shows the fit to the full
dataset. The solid line shows the fit to the main-sequence stars
with radiative core.
If we restrict our analysis to main-sequence FGK stars, we
obtain a slope of 0.89±0.05, meaning that there is a weak corre-
lation between both quantities. The measure is compatible with
the result of 0.81 ± 0.05 from Oláh et al. (2009) and implies a
weaker correlation than that found by Baliunas et al. (1996) who
found a slope of 0.74 when sharing a good part of the sample.
This supports the idea that there is a common dynamo behaviour
for this group of stars, which does not apply to the M-dwarf stars
for which we, as Savanov (2012), do not find a correlation.
In a direct comparison of the length of the cycle with the ro-
tation period, we see an absence of long cycles for extreme slow
rotators. Figure 21 shows the distribution of cycle lengths against
rotation periods. While the cycle lengths of those stars with ro-
tation periods below the saturation level of ∼ 50 days distribute
approximately uniformly from ∼ 2 to ∼ 20 years, those stars ro-
tating slower than ∼ 50 days show only cycles shorter cycles. At
this point, it is unclear whether or not this behaviour is real or is
related to a selection or observational bias. The number of stars
with both rotation and cycle measured in this region is small, and
the time span of the observation is shorter than 10 years. Further
investigation is needed to clarify the actual distribution.
Finally, we have also compared the photometric amplitudes
induced by the activity cycles and the rotational modulation that
seem to show a clear correlation. Both amplitudes increase to-
gether with an almost 1:1 relationship, even if with great scatter,
and the behaviour seems to be similar for every spectral type (see
Fig. 22).
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Fig. 21: Cycle length versus rotation periods. Filled symbols
show the stars analysed in this work.
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Fig. 22: Measured photometric amplitude of the cycles vs. the
photometric amplitude of the rotational modulation as measured
in this work.
5. Summary
We have analysed the photometric variability in long time series
for a sample of solar neighbours observable from the southern
hemisphere. We analysed the light curves of a sample of 125
late-A to mid-M stars, containing more than 50 000 observations
to measure periodic variabilities induced by the rotation and ac-
tivity cycles.
We have been able to identify analogues of the solar cycle
for 47 stars of the solar neighbourhood and 36 rotation periods,
where 34 of them are M dwarfs. For 44 stars we have a measure-
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ment of the mean activity level (log10 R
′
HK) obtained either from
the literate or from our own measurements.
The length of the detected magnetic cycles goes from over
2.5 years to less than 14 years. No correlation is found between
length of cycles and the spectral type. We found some stars that
show multiple cycles in which the short-term cycles are possibly
flip-flop cycles.
The length of the measured rotation periods goes from a frac-
tion of a day up to more than 150 days. There seems to be a satu-
ration level at ∼ 50 days, only surpassed by M dwarfs, especially
fully convective M dwarfs.
Combining our results with previous measurements we re-
fine the activity-rotation relation proposed in Suárez Mas-
careño et al. (2015) and extend it up to log10 R
′
HK ∼ -4. The
activity-rotation relationship is more complex than previously
stated, having a change of slope for activity levels higher than
log10 R
′
HK ∼ -4.5 and a completely different behaviour for F-type
stars.
We find evidence for a correlation between the cycle length
and the rotation period for the F, G and K main-sequence stars.
For these stars the length of the cycle scales as Dl with l = 0.89.
A weak relationships between the activity level and the am-
plitude of the sun-like cycles can also be found when analysing
photometric light curves of G to mid-M dwarfs. A relation is
determined between the amplitudes and the rotation period. We
find that the faster a star rotates the larger the amplitude of its
cycle.
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